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We, FMC Corporation^ a corporation 
incorporated in the State of Delaware, United 
States of America, of 6313, Third Avenue, 
New York, 17, New York, United States of 
America, do hereby declare the invention, for 
which we pray that a patent may be granted 
to us, and the method by which it is to be 
performed, to be particularly described in and 
by tjie following statement: — 

This invention relates to an improvement 
in the preparation of hydrazine and alkyl 
hydrazines by the Raschig process in whidi 
chloramine is produced and employed as an 
intermediate reagent in the reaction. 

Hydrazine and aliphatic substituted hy- 
drazines, for example, monometbylhydrazine, 



20 



are currently produced by means of the 
Raschig syndesis. In the first step of this 
process, ammonia and sodium hypochlorite 
are reacted at low temperatures to form chlor- 
amine and sodium hydroxide according to the 
equation: 

Equation 1 

NHa + NaOCl-^NHBa + NaOH 



The reaction mixture containing chlor- 25 
amine is then reacted with excess ammonia 
or with primary or secondary amines to form 
a corresponding hydrazine product according 
to the following equation: 



50 



Equation 2 
H 



NH.a + Ri^N— Rs RjRs— N— NHs + HCl 



where Ri and Rn are aliphatic, cycloaiiphatic 
or heterocyclic groups or hydrogen. 
One drawbadk to this process is the low 

35 concentration of chloramine that is obtained 
in the aqueous sohition resulting from reac- 
tion 1. In general, chloramine concentrations 
above about 3.5% are not produced by this 
process. Efforts to increase ±e concentration 

40 of chloramine in the aqueous reaction mix- 
ture have not been successful. For example, 
increasing the concentration of reactants, that 
is, the ammonia and/or sodium hypochlorite, 
does not increase the chloramine concentra- 

45 tions; instead, the percent yield deaeases 
with increased concentrations of feed react- 
ants. This is most serious since it is custom- 
ary to employ chloramine as it is recovered 
from the chloramine reaaor without further 

50 processing to produce hydrazine and dkyl 
hydrazines; this avoids having the rather un- 



stable chloramine decompose upon standing. 
As a result, the theoretical concentration of 
hydrazine or substituted hydrazines which can 
be produced from a given amount of feed 55 
stream is necessarily limited by the low con- 
centrations of chloramine which are intro- 
duced into the hydrazme reactor. Because of 
this serious drawback, there has been a need 
for a method that would increase the con- 60 
centration of chloramine in the intermediate 
product stream and that would thus increase 
the recoverable concentration of hydrazine or 
substituted hydrazines produced in the final 
step of the above process. 65 

It is the principal object of the present in- 
vention to overcome these deficiencies in prior 
art processes and to produce higher dilor- 
amine concentrations in the aqueous chlor- 
amine product stream. 70 

We have now found that higher concentra- 
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tions of cfaloiamine, up to more than double 
the conceatration obtained in prior art pro- 
cesses, can be obtained when ammonia axid 
sodium hypodilorite arc reacted together in 
5 the presence of a reagent (an acceptor) cap- 
able of removing hydroxide ions ^m solu- 
tion in an amount sufficient to remove at 
least 25% (and preferably at least 90%) of 
the hydroxyl ions derived from the sodium 

10 hydroxide which is foimed in Ato during the 
reaction; the acceptor can be an add, a water- 
soluble acid salt or a water-soluble neutral 
salt containing magnesium, zinc or calcium 
ions. Surprisingly, not only are concentrations 

15 of chloramine increased drastically, but yields 
based on hypochorite are substantially in- 
creased over prior art processes. Preferably 
the amount of ammonia is greater than 
stoichiometric amounts required for reaction 

20 wiA the sodium hypodilorite. 

We have further discovered that very high 
percentage yields of hydrazine or alkyl sub- 
stituted hydrazines are obtainable from these 
higher concentration chloramine solutions by 
25 reacting such chloramine solutions with addi- 
tional ammonia or with primary or secondary 
amines in the presence of suflfident added 
alkali metal hydroxide to reach a hydroxide 
to chloramine mole ratio of about 1:1 at the 

30 commencement of the reaction. The amount 
of hydroxide added generally corresponds to 
the amount which reacts with the acceptor 
during the chloramine synthesis. 
It is quite surprising that higher concentra- 

35 tions of chloramine can be obtained by pre- 
venting hydroxyl ions from being produced 
along with the chloramine. Apparently, as the 
diloramine concentration begins increasing in 
the aqueous reaction mixture, the presence of 

40 the hydroxide fonned in situ prevents^ a 
build-up in the chloramine concentration 
above about 3.5%. 

This is graphically illustrated in the accom- 
panying Drawing. The Drawing is a plot of 

45 the chloramine reaction carried out in Ex- 
ample I in whidi the theoretical concentra- 
tions of chloramine are plotted against^ the 
percent yields of chloramine actually obtained. 
Curve A demonstrates the results which are 

50 obtained when the hydroxide formed in situ 
is not treated with an accqjtor during the 
formation of the chloramine. Curve B shows 
the results obtained when 90% of the hy- 
droxide formed in situ is treated with an 

55 acceptor in the reaction mixture. As can be 
seen from the drawing, the percent yidd of 
diloramine illustrated by Curve B remains 
constantiy high, above 95% of the tiieoretical 
yield of chloramine; in contrast, the percent 

60 yield of chloramine illustrated by Curve A 
drops off sharply. Note that the actual con- 
centration of chloramine is the product of 
the theoretical concentration and tiie percent 
yield. 

65 While reaction of the hydroxide with the 



acceptor is necessary when producing chlor- 
amine, it has been found &at the reaction 
of chloramine with dtiier ammonia or a pri- 
mary or secondary amine to produce the cone- 
sponding hydrazme produa does not result l^O 
in good yidds unless the hydroxide which 
has been previously treated with an acceptor 
is replaced. This necessitates adding an 
alkali metal hydroxide to the chloramine solu- 
tion before it is contacted with dther ammonia 75 
or the amine to form the corresponding hy- 
drazine product. 

It is most surprising that while the acceptor 
treatment of the hydroxide is necessary to 
pezinit the formation of richer chloramine 80 
solutions, the addition of an alkali metal 
hydroxide to the chloramine, once it is fonned, 
does not decompose the chloramine. In prac- 
tice, the loss of chloramine, upon addition of 
an alkali metal hydroxide, is negligible. The 85 
resultant rich chloramine solutions, upon ad- 
dition of the alkali metal hydroxide, can be 
reacted with dther ammonia or a primary or 
secondary amine to give high yields of the 
corresponding hydrazine. 90 

An ancillary advantage of the present pro- 
cess is that higher yields of hydrazine pro- 
duct arc produced in a more concentrated solu- 
tion, tiiereby facilitating recoveiy of the hy- 
drazine product from the aqueous mixture, 95 
This is most important since a sizable amount 
of water must be removed in order to obtain 
a pure product. Under such conditions, a 
small increase in the concentration of the pro- 
duct in the crude reaction mixture results in 100 
a sizable decrease in the amount of water 
which must be separated. 

In carrying out the present invention, chlor- 
amine is produced by making up an aqueous 
ammom'a solution containing glue or other 105 
sequestering agent and sufficient amounts of 
an acceptor to react with at least 25% of the 
hydroxyl ion produced in situ. The solution 
is then cooled to about O^C and a pre-cooled 
solution of sodiimi hypochlorite is then added. HO 
Chloramine is produced at a rapid rate upon 
the addition of the sodium hypochlorite solu- 
tion. In order to produce a hydrazine pro- 
duct, sufficient alkaline metal hydroxide is 
added to the chloramine solution to replace 115 
the hydroxyl ion that reacted with the accep- 
tor so that the final solution has an alkali 
metal hydroxide to chloramine mole ratio of 
about 1:1. To the chloramine solution thus 
treated with a hydroxide, is added dther 120 
ammonia or a primary or secondary amine; 
the ensuing reaction takes place at a tempera- 
ture of about 20^ to 140°C to yield tiie corre- 
sponding hydrazine product. 

In the above procedure for producing chlor- 125 
amine, the aqueous ammonia solution is used 
in amounts sufficient to supply 2 moles of 
ammonia per mole of sodium hypochlorite, 
to be used. Higher mole ratios 
of ammonia to sodium hypochlorite, 130 



1,095,040 



3 



e.g.> 6:1, can be employed but do not in- 
crease the yield of chloramine; decreasing the 
mole ratio of ammonia to sodium hypochlorite 
to 1.5:1, decreases the chloramine yield 
5 sltghdy. In general, mole ratios of ammonia 
to sodium hypochlorite, of about 2:1, are 
preferred. 

The acceptor which is added to the above 
solution instantaneously reacts with the hy- 
10 droxyl ions produced by the reaction. The 
acceptor may be an acid such as hydrochloric 
acid, a water-soluble acid salt such as am- 
monium chloride^ or a water-soluble mag- 



nesium, calcium or zinc salt such as calcium 
chloride or zinc chloride, llie term, "add 15 
salt", as employed in the specification and 
claims, means a salt which yields a pH lower 
than 7 when dissolved in water. The acid or 
acid salt reacts with the sodium hydroxide 
formed during the chloramine synthesis in a 20 
simple acid-base reaction. The water-soluble 
calcium, magnesium or zinc salt precipitates 
out the hydroxyl ion derived from the per- 
manent base, sodium hydroxide. This latter 
reaction occurs according to the following 25 
equation: 



Equation 3- 

MQ. + 2NH8 -h 2NaOCl-> M(0H)4 + 2NH2CI + 2NaCl 



where M = Ca, Zn or Mg. 

30 Among the acids and water-soluble acid 
salts which can be employed as acceptors 
are hydrochloric acid, sulfuric acid, phosphoric 
acid, acetic acid, ammonium chloride and 
ammonium sulfate. The only limitation on 

35 the selection of the acid or water-soluble add 
salt is that it does not oxidize or react with 
the final produa or the feed chemicals. For 
this reason, an oxidizing add such as nitric 
acid is unsuitable since it reacts with both 

40 chloramine and the hydrazine product. 
Typical water-soluble caldum and zinc salts 
which have been found operative as acceptors 
indude CaCiz, CaBro, ZnSO^, ZnCl^, 
ZnBrz, IWgSO^ and MgOg. 

45 When an acid salt is employed as the 
acceptor, it is preferred that an ammonium 
salt such as ammonium chloride be employed 
since this prevents contamination of the solu- 
tion with fordgn metal cations. If ammonium 

50 chloride is employed as the acceptor, it sup- 
plies ammonium values to the ammonia solu- 
tion and therefore can be used to supply a 
portion of the total necessary ammonium 
values. This is advantageous because it re- 

55 duces the amount of ammonia that must be 
supplied to the reactor. 

When chloramine is to be produced in the 
aqueous reaction mixture in amounts above 
about 5% by wdght, the acceptor is employed 

60 in amounts sufficient to react with at least 
about 90% of the sodium hydroxide formed 
during the chloramine synthesis. If chlor- 
amine solutions below about 5% are to be 
recovered, reaction of 50% of the sodium 

(i5 hydroxide formed m situ results in high 
yields of chloramine. Where chloramine solu- 
tions of about 3.5% are desired, reaction of 
only about 25% of the sodium hydroxide 
formed in situ results in increased yields. 

70 The sequestering agent, such as glue or 
gelatin, which is conventionally added to the 
aqueous ammonia solution, does not affect 
the production of chloramine; it is added to 



deactivate metal ions such as copper which 
reduce the yield of hydrazme product in the 75 
second stage of the process. The use of glue 
for this purpose is well known in this type 
of syndiesis, and requires no further descrip- 
tion. The sequestering agent is added directly 
to the chloramine reactor because the aqueous 80 
chloramine solution which is recovered from 
the chloramine reactor is employed without 
further processing to produce the final hy- 
drazine produa. While it is possible to add 
the sequestering agent to the aqueous chlor- 35 
amine reaction product after its formation, 
for convenience sake it is added to the 
aqueous ammonia solution employed in pro- 
dudng the chloramine. The amdunt of glue 
or odier sequestering agent required is not 9q 
critical, except that enough should be pre- 
sent to sequester all metal ions that catalyze 
the decomposition of hydrazine product, e.g., 
copper or manganese. Amounts suffident to 
supply at least 0.15% in the final chlor- 95 
amine solution have been found to be satis- 
factory. 

Hie aqueous solution thus formulated is 
then cooled to about 0°C. The solution can 
be cooled to lower temperatures, e,g., -4°C, ^qq 
but care should be taken to avoid freezing 
the solution. To this solution is added cooled 
sodium hypochlorite. The sodium hypo- 
chlorite is added preferably in the mole ratio 
of 1:2 with respect to ammonia. The re- 105 
action between the ammonia and sodium 
hypochlorite is very rapid and the reaction 
readily goes to completion. The resultant 
aqueous reaction mixture contains chloramine 
in concentrations up to about 7,6%, The no 
chloramine reaction can be carried out at 
temperatures ranging from -10°C to 
+ 20°C without any noticeable change in 
yields. The temperature of the reaction solu- 
tion should not be allowed to rise above 115 
about 20°C since chloramine decomposes 
rapidly at higher temperatures. 

In carrying out the above reaction, it is 
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necessary that the acceptor be added to the 
ammonia solution prior to adding the sodium 
hypochlorite solution. Otherwise, the acceptor 
cannot perform its function of reacting with 
5 the alkali metal hydroxide as it is formed 
itt situ during the chloramine reaction. 
Further, if high yields of chloramine are to 
be obtained, the sodium hypochlorite is desir- 
ably added to the ammoma soludon. For 
10 continuous reactions, a mixing tee can be 
satisfactorily employed. If the order of addi- 
tion of the reactants is altered and the am- 
monia solution is added to the sodium hypo- 
chlorite^ lower yields of chloranune are 
15 obtained. 

The acceptor may be added to the aqueous 
ammonia solution in amounts sufficient to 
reaa with all of the alkaline hydroxide 
formed in situ during the chloramine re- 
20 action, although reaction of about 90% of 
the hydroxide is sufficient regardless of the 
concentration of chloramine produced. In 
any even^ the acceptor should not be added 
in amounts greater than required to react 
25 widi all of the hydroxide produced in situ 
since this might alter the alkalme conditions 
required to carry out the process. The chlor- 
amine reaction is generally carried out in 
aqueous solutions having a pH of about 11. 
30 In the second stage of this process, the 
aqueous chloramine solution thus produced 
is reacted with either ammonia or a primaiy 
or secondary amine to form the correspond- 
ing hydrazine product. The amines can con- 
35 tain aJlqrl, cycloalkyl and heterocyclic radicals. 
The amines which have been found par- 
ticularly suitable are primary or secondary 
amines containing alkyl groups having from 1 
to 7 carbon atoms. Among the primary and 
40 secondary amines (including imines) which have 
been found suitable are monomethylamine, 
dimethylamine, monosthylamine, diethyl- 
amine, methylethylamine, isopropylamine, 
butylamine, isobutylamine, amylamine, mono- 
45 hexylamine^ cyclohexylamine, hexamethylene- 
imine, piperidine and monoheptylamine. 

In^ carrying out this second stage of the 
reaction, the aqueous or anhydrous amine 
such as monomethylamine or ammonia is 
50 added to a reactor. The freshly prepared 
chloramine reaction mixture produced in the 
manner previously described which is pre- 
pared for reaction with ammonia or an amine 
by adding sodium hydroxide in the amount 
55 sufficient to yield a solution having a mole 
ratio of chloramine to sodium hydroxide of 
about 1 : 1, is added to the amine. 

It is mandatory that the hydroxide which 
has reacted with the acceptor during die 
60 formation of the chloramine be replaced be- 
fore the chloramine solution is reacted with 
ammonia or a primary or secondary amine 
to produce the corresponding hydrazine pro- 
duct Apparently^ an alkali metal hydroxide 



is necessary for the formation of hydrazines 65 
in good yields, as illustrated by Equation 2. 
For e:ample, >iclds of 1.4% of hydrazine 
are produced when NaOH is not replaced 
in the chloramine solution^ under idendcal 
conditions, the yield was improved to 607; 70 
when NaOH was replaced in the chloramine 
solution. 

The mole ratio of amin^ such as mono- 
methylamine, to chloramine employed for pro- 
ducmg an alkyl hydrazine is about 8 : 1. In- 75 
creasing yields of the alkyl hydrazine, such 
as monomethylhydrazme, can be obtained by 
increasmg the amine to chloramine ratio to 
as high as 30:1. The use of an anhycbous 
amine in place of an aqueous ammc can be 80 
employed with at least the same yields as 
the aqueous amine, and In some cases even 
higher. When ammonia is reacted with chlor- 
amine to produce hydrazine, the mole ratio 
of anmionia to chloramine employed is at 85 
least about 20:1. Mole ratios as high as 
50:1 are quite frequcntiy employed. An in- 
crease in hydrazine yields has been obtained 
under plant operation where even higher mole 
ratios of ammonia to chloramine are main- 90 
tained. 

By controlling the rate of addition of the 
chloramine solution to eidier the ammonia or 
alkylamine, and by employing heat exchange 
means, the temperature in the reactor is 95 
maintained at from 20° to 140^C. To form 
hydrazine, temperatures of 70° to 140°C are 
preferred. To form substituted hydrazines, 
temperatures of 20° to 50°C are preferred. 

The reaction mixture is maintained at this 100 
temperature for sufficient time to complete 
the reaction, l^hereafter, the reaction mix- 
ture is distilled to remove e:cess ammonia 
and/or amine. The desired product is separ- 
ated from the impurities by conventional 105 
means v/ell known in the art. For e.^ample, 
in the case of hydrazine, the remaining solu- 
tion is fed into an evaporator to remove salt 
and subjected to rectification to recover a 
final hydrazine product. In the case of mono- 110 
methylhydrazine, which forms an azeotrope 
with water, sodium hydroxide is added in 
the final rectification to break the azeotrope 
and secure a pure monomeihylhydrazine pro- 
duct. 115 

The following examples are presented by 
way of illustration only and are not deemed 
to be limiting of the present invention. 

Example I 

In a series of runs, sodium hypochlorite 120 
(12% solution) at a temperature of - 10°C, 
was added to an aqueous ammoniacal solu- 
tion maintained at a temperature of -4°C. 
The mole ratio of ammonia to sodium hypo- 
chlorite was 2:1. The amount of ammonia 125 
and sodium hypoclilorite employed was 
sufficient to obtain the theoretical yields of 
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chloramine listed in Table 1. The actual 
yields and concentrations of chloramine 
obtained are also listed in Table 1. 

The above procedure was repeated except 
that ammonium chloride was added to the 



ammoniacal solution in amounts sufficient to 
react with 90% of the hydroxide produced 
during the reaction. The actual yields and 
concentrations of chloramine obtained are re- 
ported in Table 2. 
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Table 1 



Qiloramine yields without MH^Cl addition 



Yield of NHgQ Obtained 



Theorctiqal NHbQ Concentration Obtainable (wt%) Concentration (wt%) % of Theory 



2.0 


1.86 


93 


2.2 


2.03 


92 


2.3 


2.09 


91 


2.5 


2,26 


90 


2.9 


2.53 


87 


3.1 


2.61 


84 


3.3 


2.71 


82 


3.5 


2.84 


81 


3.9 


3.08 


79 


4.5 


3.24 


72 


5.2 


338 


65 


5.5 


3.30 


60 


5.8 


3.25 


56 



Table 2 



Chloramine yields with NEI^Q addition 



_ , _ Yield of NH^a Obtained 

Theoretical NHaQ Concentration Obtainable (wL%) Concentration (wt%) % of Theory 



2.0 


1.92 


96 


3.35 


3.20 


96 


4.50 


4.36 


97 


5.00 


4.85 


97 


5.50 


5.25 


96 


6.00 


5.70 


96 


7.89 


7,53 


96 


8.00 


7.58 


95 
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Example II 
Run A — Two hundred grams of 12% 
sodium hypochlorite (at - lO^C) was added, 
with mixing, to 318 grams of an aqueous 
solution (at 0°C) containing 3.45% ammonia 
and 0.3% glue. The temperature was main- 
tained at -.2°C to +5°C by means of an 
ice bath. The chloramine solution, which 
immediately formed, was then rapidly mixed 
with 165 grams of anhydrous ammonia and 
the solution immediately heated at 125°C to 
135°C for 2 minutes. By this method, a 



chloramine yield of 73% and a hydrazine 25 
yield of 48% (based on sodium hypochlorite) 
were obtained. 

Run B — In a similar experiment, the 
above procedure was followed except that 
NH4CI was added to the ammonia solution 30 
prior to the addition of the sodium hypo- 
chlorite so as to react with 90% of the 
theoretical amount of sodium hydroxide that 
would form. After the sodium hypochlorite 
was added, enough sodium hydroxide (as a 35 
50% solution) was added to replace il»t 
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which reacted with the add salt The chlor- 
amine solution was then reacted with an- 
hydrous ammonia in the same maoner as 
described above. A chloramine yield of 95% 
5 and a hydra2ine yield of 61% (based on 
sodium hypochlorite) were obtained. 

Example III 
Run A — Two hundred grams of 12% 
sodium hypochlorite (at - 10*^C) was added, 

10 with mixing, to 122 grams of an aqueous 
solution (at O^C) of 82% ammonia and 
0.5% glue. The temperature was maintained 
at - 5°C to + 1°C by means of an ice bath. 
The chloramine solution, which immediately 

15 formed, was then rapidly mixed with 120 
grams of anhydrous monomethylamine and 
the solution heated at 50— 55°C for 15 
minutes. The chloramine yield was 65%. 
The monomethylhydrazine yield, based on 

20 sodium hypochlorite, was 56% (2.6% con- 
centration). 

Run B — In a similar experiment, the 
above procedure was followed except that 
NH^Cl was added to the ammonia solution 

25 prior to the addition of the sodium hypo- 
chlorite so as to react with 90% of the sodium 
hydroxide that would form in the reaction. 
After the sodium hypochlorite was added, 
enough sodium hydroxide was added (as a 

30 50% solution) to replace that which reacted 
witii the acid salt. The chloramine solution 
was then reacted with anhydrous monomethyl- 
amine in the same manner as described above. 
The chloramine yield was 98%^. The mono- 

35 methylhydrazine yield, based on sodium hypo- 
chlorite was 80% (3.2% concentration). 

Example IV 
Run A — Two hundred grams of 12% 
sodium hypochlorite solution (at - 10°C) was 

40 added mih mixing to 122 grams of an aqueous 
solution (at 0°C) of 8.2% ammonia and 
0.5% glue. The temperature was maintained 
at -5°C to 0°C by means of an ice bath. 
The chloramine solution, which immediately 

45 formed, was then rapidly mixed with 116 
grams of anhydrous dimethylamine and the 
solution heated at 35°C to 42°C for 12 
minutes. The chloramine yield was 63%. 
The unsymmetrical dimethylhydrazine yield, 

50 based on sodium hypochlorite, was 61% (2.7% 
concentration). 

Rtm B — In a similar experiment, the above 
procedure^ was followed except that hydro- 
chloric acid was added to the ammonia solu- 

55 tion prior to the addition of tiie sodium hypo- 
chlorite so as to react with 90% of the 
sodium hydroxide that would form in the 
reaction. After the sodium hypochlorite was 
added, enough sodium hydroxide was added 

60 (as a 50% solution) to replace that which 
reacted with the acid. The chlor- 
amine solution was then reacted with 
anhydrous dimethylamine in the same 



manner as described above. The chlor- 
amine yield was 98%. The unsymmetrical 65 
dimethylhydrazine yield, based on sodium 
hypochlorite, was 86% (3.6% concentration) 

Example V 

Run A — One hundred and forty-eight 
grams of 12.1% sodium hypochlorite (at 70 
- 10°C) was added with mixing to 99 grams 
of an aqueous solution (at 0°C) containing 
8,5% ammonia, 1% glue and enough cal- 
cium chloride to precipitate 60% of the 
theoretical amount of sodium hydroxide that 75 
would be formed in the reaction. The tem- 
perature was maintained at -4^C to +1°C 
by means of an ice bath. To the chloramine 
solution, which immediately formed, was then 
added enough sodium hydroxide (as a 50% 80 
solution) to replace the hydroxyl ions which 
had been precipitated out by the calcium 
chloride. The solution was then mixed with 
438 grams of 28% aqueous ammonia solu- 
tion and heated to 45^C to 50^C for 15 85 
minutes. By this method, a chloramine yield 
of 84% and a hydrazine yield of 56%, based 
on sodium hypochlorite, were obtained. 

Run B — In a similar experiment in which 
the calcium chloride and sodium hydroxide 90 
additions were omitted, a chloramine yield 
of 63% and a hydrazine yield of 35% (based 
on sodium hypochlorite) were obtained. 

Example VI 
The procedure of Example V, Run A, was 95 
repeated in two separate runs in which mag- 
nesium chloride and zinc chloride were in 
turn substituted for calcium chloride. The 
results obtained were on the same order as 
with calcium chloride. 100 

EXA^APLE VII 

Run A — A 106 gram sample of 12% 
sodium hypochlorite (at - 10°C) was added 
with mixing to 170 grams of 5.2% ammonia 
and 0.5%> glue. The temperature was main- 105 
tained at -5°C to ^I'^C by means of an 
ice bath. The chloramine yield after com- 
pletion of the reaction was 84%, 

Run B — In a similar experiment, the 
above procedure was followed except that 110 
NH.iCl was added to the ammonia solution 
prior to the addition of the sodium hypo- 
chlorite so as to react with 25% of the 
sodium hydroxide that would form in the 
reaction. The chloramine yield was 91%. 115 

Example VIII 
Run A — Two hundred grams of 12% 
sodium hypochlorite (at - lO^^C) was added, 
with mixing, to 122 grams of an aqueous 
solution (at O^C) of 8.2%:, ammonia and 12O 
0.5% glue. The temperature was maintained 
at ~ 5°C to + PC by means of an ice bath. 
The chloramine solution, which immediately 
formed^ was then rapidly mixed with 330 
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gpms of anhydrous pipexidine and the solu- 
tion heated at 50— 55°C for 15 minutes. 
The chloramine yield was 65%- The N- 
amino piperidine yield, based on sodium hypo- 

5 chlorite^ was 58%, 

Run B — In a similar experimentj the 
above procedure was followed except ±at 
NH4CI was added to the ammonia solution 
prior to the addition of the sodium hypo- 

10 chlorite so as to react with 90% of the 
sodium hydroxide that would form in the 
reaction. After the sodium hypochlorite was 
added, enough sodium hydroxide was added 
(as a 50% solution) to replace that which 

15 reacted with the acid salt. The chloramine 
solution was then reacted with anhydrous 
piperidine in the same manner as described 
above. The chloramine yield was 98%. The 
N-amino piperidine yield, based on sodium 

20 hypochlorite was 77%. 

Example IX 
The following runs were carried out for 
the continuous production of monomethyl- 
hydrazine. 

25 Run A ^ A 12% sodium hypochlorite 
solution (at 0°C) was continually mixed with 
an aqueous solution of ammonia (at 0°C) 
and glue, using a mixing tee. The mole ratio 
of sodium hypochlorite to anmionia was 

30 maintained at 2:1 and the reaction carried 
out at 0°C. The concentrations of ammonia 
and sodium hypochlorite used were sufficient 
to give a theoretical chloramine concentra- 
tion of 5%. The aqueous chloramine-contain- 

35 ing reaaion mixture thus produced was con- 
tinually added to anhydrous monomethyl- 
amine. The mole ratio of monwnethylamine 
to sodium hypochlorite originally introduced 
was maintained at 30: 1. This latter reaction 

40 was carried out at a temperature of 35^C, 
The yield of monomethylhydrazine was 62%^ 
based on the sodium hypochlorite introduced. 

Run B — The above process was repeated 
except that NH^Cl was added to the ammonia 

45 solution prior to the addition of the sodium 
hypochlorite so as to react witii 90% of tiie 
sodium hydroxide that would be formed in 
the reaction. After the chloramine was pro- 
duced, enough sodium hydroxide was added 

50 (as a 30% solution) to replace that which 
reacted witii tiie NH.Q. Thereafter die chlor- 
amine solution was reacted with the mono- 
methylamine in the same manner as Run A. 
The monomethylhydrazine yield was 88%i 

55 based on die sodium hypochlorite introduced. 
WHAT WE CLAIM IS:- 
1. A process for the production of chlor- 
amine which comprises adding sodium hypo- 
chlorite to anmionia in the presence of an 

60 acceptor which is an add, a water-soluble 
add salt or a water-soluble noitral salt con- 
taining a metal cation which is caldum, mag- 
nesium or zmc, the acceptor being added in 
amounts to react with at least 25% of the 



sodium hydroxide produced in situ during 65 
said reaction and the reaction being con- 
ducted at a temperature of frwn - 10°C to 
+ 20°C. 

2. A process as daimed in daim 1 in 
which the acceptor is added in amounts to 70 
reaa with at least 90% of said NaOH pro- 
duced in situ. 

3. A process as daimed in daim 1 or 2 
in which the ammonia is present in greater 
than stoichiometric amounts required for re- 75 
action with the sodium hypochlorite. 

4. A process as daimed in daim 3 in 
which a mole ratio of ammonia to sodium 
hypochlorite of about 2 : 1 to employed. 

5. A piocess as claimed in any of claims 80 
1 to 4 in which ammonium chloride is em- 
ployed as the acceptor. 

6. A process as claimed in any of claims 
1 to 4 in which hydrochloric acid is em- 
ployed as the acceptor, 85 

7. A piocess as claimed in any of claims 
1 to 6 in which a sequestering agent is also 
employed. 

8. A process as daimed in claim 7 in 
which the sequestering agent is glue or 90 
gdatin. 

9. A process as claimed in any of claims 
1 to 8 in which the sodium hypochlorite is 
added to the ammonia to which has pre- 
viously been added the acceptor. 95 

10. A process for tiie producticm of chlor- 
amine according to daim 1 substantially as 
hereinbefore described with particular refer- 
ence to any of the foregoing Examples. 

11. Chloramine whenever produced by a 100 
process as herein described and claimed. 

12. A process for the production of a 
hydrazine >n^ch comprises reacting a chlor- 
amine solution produced by a process as 
dainied in any of claims 1 to 10 with am- 105 
monia, a primary amine or a secondary amine, 

at a temperature between 20°C. and 140°C. 
in the presence of an alkali metal hydroxide 
m an amount suffident to provide an alkali 
metal hydroxide to chloramine mole ratio of HO 
1:1 at the commencement of said reaction, 
and recovering the hydrazine product 

13. A process as daimed in daim 12 in 
which tiie chloramine solution is reacted with 
ammonia to produce hydrazine. 115 

14. A process as daimed in claim 13 in 
which the chloramine solution is reacted witii 
ammonia at from 70°C. to 140°C. 

15. A process as daimed in daim 12 in 
which tile amine contains an alkyi group hav- 120 
ing 1 to 7 carbon atoms. 

16. A process as claimed in daim 12 or 
15 m which tiie chloramine solution is re- 
acted witii the amine at from 20°C to 50°C. 

17. A process as claimed in any of claims 125 
12, 15 and 16 in which the chloramine solu- 
tion is reacted with monomethylamine to pro- 
duce monomethylhydrazine. 

18. A process as daimed in any of claims 
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12, 15 and 16 in which the chloiamine solu* 
don is reacted with dimethylamine to pro- 
duce unsynunetrical dimethylhydrazine. 

19. A process as claimed in claim 12 in 
which the chloramine solution is reacted with 
piperidine to produce N-amino piperidine. 

20. A process as claimed in any of claims 
12 to 19 in which the alkali metal hydroidde 
is sodium hydroxide. 

21. A process as claimed in any of claims 
12 to 20 in which the hydrazine product is 



recovered by distilling to remove excess am- 
monia and/or amine. 

22. A process for the pmduaion of a 
hydrazine substantially as hereinbefore de- 
scribed with particular reference to any of 
the foregoing Esa^^>les. 

23. A hydrazine whenever produced by 
a process efi herein described and claimed. 

W. P. THOMPSON & CO., 
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